Buerger's disease (thromboangiitis obliterans) is known as a segmental inflammatory vasculitis that involves the smallsized and medium-sized arteries, veins, and nerves. Most effective treatment for Buerger's disease is smoking cessation. Except for the cessation of tobacco use, surgical revascularization is available in severe ischemia and a distal target vessel. Amputation has been used as the last treatment option of the disease up to the present. Increasing limb survival and decreasing amputation rate is important. This case describes the use of spinal cord stimulation (SCS) in patient with Buerger's disease and its effect is not only the complete healing of ulcers but also amputation is not performed. (Korean J Anesthesiol 2013; 65: 167-171) 
Buerger's disease is associated with extreme pain, and despite various treatment methods, about 20% of patients undergo amputation of limbs, which leads to low quality of life and significantly affects socioeconomic position. Complete smoking cessation is the primary prevention and treatment method to stop disease progression in Buerger's disease patients, while active treatments such as combination drug therapy, arterial bypass surgery, and sympathetic block are also considered simultaneously. Combination drug therapy is known to be effective for pain relief but does not make a significant difference for ischemic ulcers, and vasculitis can continue to progress even after arterial bypass surgery. Sympathetic block can be chosen to treat ischemic ulcers but does not cause a decrease in the limb amputation rate [1] .
A patient with Buerger's disease presented with severe ulcers that showed no response to medications and sympathetic block. A limb amputation was planned, but the patient refused the amputation and was referred to a pain clinic. Cervical spinal cord stimulation was conducted, and the patient experienced effective pain relief and complete recovery of the ulcers. The author reports this case along with a literature review.
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Case Report
The 62-year-old male patient in this case report had a smoking history of more than 30 pack-years and a medical history of hypertension and diabetes. He had had a percutaneous coronary intervention 6 years previously due to angina and had noticed a cold and numbing sensation in the extremities of both hands for the previous 3 years. Two years previously, the patient's fourth finger on the left hand had experienced blue discoloration, with extreme pain of greater than 90/100 mm on the visual analogue scale (VAS), followed by ulceration. After a few tests at the orthopedic clinic, the patient had been diagnosed with Buerger's disease. He had been referred to the pain clinic for conservative treatment one year previously. On the patient's upper extremity angiography, greater than 80% stenosis was observed in the first and third finger artery in the area of radial artery and palmer arch, and greater than 90% stenosis was also observed in distal ulnar artery.
At the time of referral, the patient had been taking oxycodone 40 mg twice a day, as well as limaprost 5 μg and gabapentin 300 mg 3 times day. Even with an increase in opiate dose and several chest sympathetic block and stellate ganglion blocks, the analgesic effect was temporal. The pain and ulcers on the fingers worsened, and a finger amputation was planned as arterial bypass surgery was not a valid method for this patient. Although a number of treatments were tried, the patient complained about extreme pain, 90/100 mm on VAS, and there were severe gangrenous ulcers progressing on the fourth finger of the left hand and the index finger of the right hand. The patient was very much against the amputation even though he was under extreme pain and had been referred to the pain clinic several times. Hence, the decision was made to attempt spinal cord stimulation prior to amputation.
The blood pressure, heart rate, oxygen saturation, and electro cardiography were monitored, and, with the patient in the prone position, local anesthesia was performed at T2-3 intervertebral space. A 15-gauge Tuohy needle was used for the paramedian approach with a C-arm fluoroscopic image. After ensuring the needle was positioned in the epidural space, the guidewire was inserted for easy insertion of the electrode, and the electrode was positioned in the posterior epidural space using the C-arm fluoroscopic image. The guidewire was removed, and the octrode electrode lead (Advanced Neuromodulation System Inc, Plano, Texas, USA) was placed 2 mm left of the radiological center. The distal electrode was placed at the bottom of the cervical spine (Fig. 1) .
The electrode was connected to the test stimulator, and the stimulation was profound in the areas with pain. After the test stimulation, the pain was reduced by 50%. During 1 week of test stimulation, the patient's pain was maintained to within 20-30/100 mm on VAS, and the use of opiate analgesics was decreased by 50%. Hence, the permanent spinal cord stimulation insertion procedure was carried out. The Genesis IPG (Advanced Neuromodulation System Inc, Plano, Texas, USA) was buried under the lower left-side clavicle, and stimulation was well controlled with 3-4+ electrode combination, 4.0 V amplitude, 240 msec pulse width, and 34 Hz frequency.
After the spinal cord stimulation insertion, the ulcers on both hands began gradual recovery and were completely recovered after 6 months. The pain was maintained within 30/100 mm on VAS, and the use of opioid analgesics was decreased more than 50% compared with the pre-procedure stage (Fig. 2) . 
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Discussion
The cause of Buerger's disease is unknown, but smoking is considered to be a major factor in the initiation and progression of the disease. The progression of the disease is relatively fast, with 2-5 years typically passing between the onset of the disease and loss of tissues. Therefore, the foundation of treatment is smoking cessation to stop the disease progression and prevent amputation of the lesions. Other than smoking cessation, systemic treatments such as thrombolytic agents, anticoagulants and prostaglandin agents can be used, as well as direct arterial bypass surgery, sympathectic block, and amputation [1] [2] [3] [4] .
A prostaglandin agent has been used in occlusive arterial disease due to its vasodilation and antiplatelet effects, but it has the disadvantage of 80-90% loss of efficacy through lung circulation when it is administered intravenously [2] . Bypass surgery or percutaneous angioplasty tend to limit the treatment, as the saphenous vein for the graft can also accompany phlebitis, which often continues to progress even after the bypass surgery, and the lesions generally spread widely [4] . Sympathectic nerve block is known to be effective for the ischemic ulcer but does not decrease the rate of the most severe limb amputations [3] . According to a number of studies, spinal cord stimulation in patients with Buerger's disease is not only a safe treatment method but also can prevent limb amputation, reduce pain, and improve blood flow and ulceration [5, 6] .
Spinal cord stimulation in Buerger's disease reduces ischemic pain and the rate of amputation by treating the ulceration. Hence, it is recommended for people who fail conservative or surgical treatment and for whom arterial bypass surgery is not feasible, as well as for people who complain about severe ischemic pain after failure of medication [7, 8] . Donas et al. [1] performed spinal cord stimulation in 29 patients with Buerger's disease who did not respond to medications or arterial bypass surgery and followed up for up to 4 years. Most of the patients (limb salvage rate 93.1%) presented with a significant increase in microcirculation of the blood vessels. Lower limb amputation, one of the most serious problems in Buerger's disease treatment, was performed in only 2 patients, a considerably lower rate than that seen in other studies that conducted sympathectic block or aterial bypass surgery. A number of other studies have suggested spinal cord stimulation in Buerger's disease as a safe treatment method that can reduce the pain and improve blood flow and the treatment of ulcers. Therefore, it has been argued that spinal cord stimulation should be considered as an important alternative treatment choice [5, 6] .
The reduction in the rate of limb amputation due to spinal cord stimulation is hugely beneficial in socioeconomic terms. The cross-sectional problem of the increase in treatment costs due to spinal cord stimulation can easily be offset by decreases in the length of hospital stay after the procedure, prevention of amputation, and the increase in quality of life due to pain reduction. Therefore, spinal cord stimulation should be considered in patients who do not find a sympathectic block to be effective in ischemic pain relief or for whom bypass surgery is not indicated. However, spinal cord stimulation is a high-cost treatment and only should be considered in patients with a high severity of disease, consistent symptoms, lack of success with medication, and no indication for arterial bypass surgery [9] .
In 1976, Cook et al. [7] reported using electronic stimulation of spinal nerves and the dorsal root in vascular disease of limbs, and since then spinal cord stimulation has been successfully carried out in the treatment of atherosclerotic and vasospastic peripheral arterial disease and is mainly used in vascular diseases of lower limbs. There is no reported case of spinal cord stimulation in a patient with Buerger's disease in Korea. A case 
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Healing of digit ulcers by SCS has been reported in which spinal cord stimulation was carried out in a 60-year-old male patient with Raynaud's syndrome, and improvements in pain and ulceration were seen although the ulceration was not completely cured [10] .
Spinal cord stimulation improves microcirculation by inhibiting sympathetic vasoconstriction and stimulates the secretion of a number of inhibitory neurotransmitters, leading to a reduction in pain in patients with Buerger's disease. Spinal cord stimulation reduces pain in Buerger's disease by promoting the secretion of gamma-aminobutyric acid (GABA), serotonin, and substance P at the spinal nerve dorsal horn. In addition, it inhibits nociceptive neuro transmission, and intramedullary oxidative nitric oxide and GABA act as an important mediator for the induction of pain relief after spinal cord stimulation [11] [12] [13] . Spinal cord stimulation in peripheral obstructive arterial disease can treat chronic ischemic pain and ulcers and also prevent amputation. Unlike the pain reduction, the mechanism of action for the improvement in micro circulation is unknown, and the improvement in ulceration is considered to be the outcome of the reduction in vasoconstriction due to the inhibition of peripheral sympathetic nerves. The improvement in microcirculation after spinal cord stimulation in patients with peripheral obstructive arterial disease can be quantified by the ankle-brachial index, transcutaneous oxygen pressure, and regional perfusion index. It is simple and non-invasive and can effectively measure the degree of blood circulation of cutaneous tissue [14, 15] .
In this case, the progression of ulcers was only observed through gross examination before and after the procedure, and objective measures were not carried out to determine the degree of microcirculation. Also, angiography was not carried out after spinal cord stimulation, and thus the change in peripheral vessels could not be confirmed. However, there was a reduction in redness on the patient's palms immediately after the spinal cord stimulation, and significant improvement was seen a week after the procedure. The ulceration on both hands seemed to improve slightly one week after the procedure, and the ulceration gradually improved to achieve complete recovery 6 months after the procedure.
Although the patient fully recovered from the ulceration within 6 months of spinal cord stimulation, the pain still was present. However, the pain decreased by about 50% from 90/100 mm on VAS immediately after the procedure and substantially improved after 6 months to 20-30/100 mm on VAS. This pain reduction led to more than a 50% reduction in the use of opiate analgesics and the total amount of medication. After spinal cord stimulation, the patient completely recovered from ulcers on fingers of both hands and achieved a significant reduction in pain, although the cold sensation in his hands remained. Ultimately, the patient was able to return to work without any functional impairment.
Therefore, the authors suggest that spinal cord stimulation be considered in patients with Buerger's disease who do not response to medications or sympathectic block and for whom arterial bypass surgery is not feasible. Spinal cord stimulation would be an excellent treatment choice in patients with Buerger's disease when an amputation is planned due to the lack of successful response to various treatments.
